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I. I n t r o d u c t i o n  

The use of I n t e l s a t  s a t e l l i t e s  f o r  t h e  r e l a y  of vo ice  
and d a t a  communications b e t w e e n  manned space  v e h i c l e s  and t h e  
m i s s i o n  c o n t r o l  center  (MCC) was d i scussed  i n  References 1 and 
2. I n  t h e s e  r e f e r e n c e s ,  an i d e a l i z e d  l i n e a r  c h a r a c t e r i s t i c  was 
assumed f o r  t h e  I n t e l s a t  s a t e l l i t e  r e p e a t e r s ,  which g r e a t l y  
s i m p l i f i e d  t h e  a n a l y s i s  of t h e  complete r e l a y  communication 
system. The s i m p l i f i e d  l i n e a r  r e p e a t e r  model w a s  adequate  f o r  
t h e  i n i t i a l  e v a l u a t i o n  and t h e  de te rmina t ion  of  t h e  f e a s i b i l i t y  
and p r a c t i c a b i l i t y  of us ing  I n t e l s a t  sa te l l i t es  a s  d a t a  r e l a y  
sa te l l i t es .  

It  has  been proposed r e c e n t l y  t h a t  I n t e l s a t  I V  
s a t e l l i t e s  be used f o r  d a t a  r e l a y  du r ing  t h e  AAP miss ions .  For 
t h e  proper  s i z i n g  of  t h e  r e l a y  communications system and t h e  
des ign  of a t e r m i n a l  f o r  t h e  AAP s p a c e c r a f t ,  t h e  e x a c t  
c h a r a c t e r i s t i c s  of t h e  I n t e l s a t  I V  r e p e a t e r ,  which i s  non- l inea r ,  
should  be used. These c h a r a c t e r i s t i c s  have been provided by t h e  
Communication S a t e l l i t e  Corporat ion (Comsat). 

This memorandum u s e s  t h e  l a t e s t  in format ion  a v a i l a b l e  
on I n t e l s a t  IV f o r  t h e  purpose of  s i z i n g  t h e  AAP s p a c e c r a f t  
t e r m i n a l  and a l s o  o u t l i n e s  t h e  procedures  f o r  making t h e  l i n k  
c a l c u l a t i o n s .  The I n t e l s a t  I V  c h a r a c t e r i s t i c s  a r e  summarized i n  
S e c t i o n  11, and a set  of assumed communications requirements  a r e  
g iven  i n  Sec t ion  111. The r e l a y  l i n k  equa t ions  and a summary of  
AAP t e r m i n a l  requirements  a r e  provided i n  Sec t ion  I V  based on 
t h e  mathematical  model and computat ional  procedures  e s t a b l i s h e d  
i n  Appendix A. 

ii. I n t e l s a t  IV C h a r a c t e r i s t i c s  

The g e n e r a l  c h a r a c t e r i s t i c s  of I n t e l s a t  I V  s a t e l l i t e  
w e r e  supp l i ed  by C o m s a t  and a re  shown i n  Tables  I and 11, 
and Figure  1. A s a l i e n t  f e a t u r e  of t h e  I n t e l s a t  I V  r e p e a t e r s  
i s  t h e i r  a d j u s t a b l e  ga in .  For i n s t a n c e ,  t h e  g loba l -g loba l  
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r e p e a t e r s *  have f o u r  g a i n  s t e p s ,  3 dB i n  each s t e p ,  which can 
be changed by command from t h e  ground c o n t r o l  c e n t e r .  This  
f e a t u r e  a l l o w s  t h e  maintenance of r e p e a t e r  g a i n  throughout  the 
sa t e l l i t e  l i f e  t i m e  and a l s o  p e r m i t s  c o n t r o l  of  thermal  and 
in te rmodula t ion  n o i s e s  genera ted  by t h e  sa te l l i t e  r e p e a t e r s .  

For t h e  vo ice  and d a t a  r e l a y  a p p l i c a t i o n  f o r  t h e  
AAP miss ions ,  Comsat has suggested t h a t  NASA cons ide r  l e a s i n g  
one complete g loba l -g loba l  r e p e a t e r  p e r  s a t e l l i t e .  Th i s  
sugges t ion  has several a t t r a c t i v e  f e a t u r e s  because it: 

1. s i m p l i f i e s  o p e r a t i o n a l  procedures ,  

2.  m i n i m i z e s  i n t e r f e r e n c e s  from o t h e r  u s e r s ,  

3 .  prov ides  f l e x i b i l i t y  as w e l l  a s  f u t u r e  growth i n  
in format ion  t r a n s f e r ,  and 

4 .  permi t s  o p e r a t i n g  the r e p e a t e r  a t  i t s  maximum g a i n  
s e t t i n g .  

Subsequent a n a l y s i s  h e r e i n  i s  based on t h e  assumption of u s ing  
a d e d i c a t e d  g loba l -g loba l  I n t e l s a t  I V  r e p e a t e r  f o r  the 
e x c l u s i v e  use  of AAP missions.  

A c r i t i c a l  parameter of t h e  I n t e l s a t  I V  r e p e a t e r  i s  
i t s  s i g n a l  t r a n s f e r  c h a r a c t e r i s t i c  which i s  shown i n  F igu re  2 .  
It  i s  seen  t h a t  t h e  r e p e a t e r  does n o t  have a c o n s t a n t  gain** 
l i n e a r  a m p l i f i e r ,  which w a s  assumed i n  References 1 and 2 .  
I n s t e a d ,  t h e  r e p e a t e r  i s  a v a r i a b l e  g a i n  a m p l i f i e r  w i t h  i t s  
a b s o l u t e  g a i n  va lue  depending on t h e  i n p u t  power l e v e l .  The 
g a i n  of t h e  a m p l i f i e r  i s  approximately 7.5 dB less  than  t h e  
l i n e a r  reg ion  when ope ra t ing  a t  s a t u r a t e d  ou tpu t  l e v e l .  

F igure  3 i s  t h e  assumed antenna p a t t e r n  f o r  t h e  
I n t e l s a t  I V  g l o b a l  antenna.  For t h e  AAP a p p l i c a t i o n ,  
communications r e l a y  opera t ion  could occur  beyond t h e  + 8 . 5 O  
beamwidth of t h e  I n t e l s a t  I V  g l o b a l  antenna where t h e  s a t e l l i t e  
G / T  i s  s p e c i f i e d .  From Figure 3 ,  it i s  seen t h a t  an a d d i t i o n a l  
1 d B  degrada t ion  can be expected when t h e  AAP s p a c e c r a f t  i s  
l o c a t e d  a t  90° c e n t r a l  angle from t h e  s u b - s a t e l l i t e  p o i n t  of 
LL- r . . + - l - - C  

AiiLc:IaaL IV s a t e l l i t e .  

*The g loba l -g loba l  r e p e a t e r s  a r e  those  connected t o  t h e  
g l o b a l  coverage antennas a t  both i n p u t  and o u t p u t  t e r m i n a l s ;  
t h i s  c o n t r a s t s  wi th  t h e  g loba l -spot  r e p e a t e r s  which have t h e i r  
o u t p u t  t e rmina l  connected t o  t h e  s p o t  beam antennas (see F i g . 1 ) .  

Pout  
'in 

**Power ga in  = - 
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111. Communication Requirements 

The e x a c t  communications requi rements  f o r  t h e  r e l a y  
For t h e  purpose of  s i z i n g  up l i n k s  have n o t  been determined. 

t h e  system, t h e  fo l lowing  a r e  assumed: 

Up-link v o i c e ,  1 kbps up-data 

Down-link voice, t e l e m e t r y -  72 kbps 
or  51.2 kbps 

The performance requirements  of t h e s e  communications f u n c t i o n s  
a r e  given i n  Table 111. 

d e n s i t y  r a t i o ,  is  chosen as t h e  performance parameter ;  it i s  
r e l a t e d  t o  t h e  p r e d e t e c t i o n  s igna l - to-noise  r a t i o  by: 

C/NO,  c a r r i e r - t o - n o i s e  s p e c t r a l  

C/NO = S/N x BW (1) 

where BW i s  t h e  p r e d e t e c t i o n  RF bandwidth or  b i t - r a t e  band- 
width.  The advantage of C/NO i s  t h a t  it i s  a normalized (wi th  
r e s p e c t  t o  bandwidth) parameter. By comparing t h e  C / N O t s ,  one 

can t e l l  immediately t h e  r e l a t i v e  carr ier  power r e q u i r e d  f o r  
d i f f e r e n t  communications func t ions .  For i n s t a n c e ,  an FM v o i c e  
l i n k  wi th  a 1 0  dB s igna l - to-noise  r a t i o  r e q u i r e d  i n  t h e  
p r e d e t e c t i o n  bandwidth (C/No = 52 dB-Hz) r e q u i r e s  2 dB more 
c a r r i e r  power than  t h e  up-data l i n k  which r e q u i r e s  1 0 . 0  dB 
s igna l - to -no i se  r a t i o  i n  i t s  p r e d e t e c t i o n  bandwidth 
(C/No = 50.0 dB-Hz). 

I V .  Performance Ca lcu la t ions  

The r e l a y  l i n k  equa t ions  a r e  d e r i v e d  i n  Appendix A 
based on a s i m p l i f i e d  b u t  v a l i d  approach f o r  t h e  AAP a p p l i c a t i o n .  
Two sets of up and down l i n k  equa t ions  are ob ta ined ,  one set  
assumes t h a t  t h e  AAP t e rmina l  i s  equipped wi th  a 5.5 f t .  d iameter  
an tenna  and t h e  o t h e r  set  as sumes  an 11 f t .  d iameter  antenna. 
The l i n k  equa t ions  a r e :  

For 5.5 f t .  antenna 

Up-Link 

= ( E I R P ) I S  + 34.6 dB-Hz (3  1 

Down-Link 

C/NO = ( E I R P ) S C  + 5.1 dB-Hz ( 4 )  
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Up-Link 

(5) 

(6 1 

C/NO = (EIRPlGND - 21.2 dB-HZ 

= ( E I R P ) I s  + 4 1 . 1  dB-Hz 

Down- Link 

C/NO = (EIRPISC + 5.7 dB-Hz (7 )  

Where: EIRP = e q u i v a l e n t  i s o t r o p i c  r a d i a t e d  power of t h e  t r a n s -  
m i t t i n g  s t a t i o n .  T h i s  parameter  i nc ludes  t h e  
t r a n s m i t t i n g  antenna g a i n ,  t r a n s m i t t e r  power, and 
l i n e  losses. 

SC = AAP s p a c e c r a f t  

GND = I n t e l s a t  ground s t a t i o n  

I S  = I n t e l s a t  I V  s a t e l l i t e  r e p e a t e r  

The non- l inear  behavior  of t h e  I n t e l s a t  I V  r e p e a t e r  becomes 
e v i d e n t  when comparisons are made between equa t ions  ( 2 )  and (5), 
and (4) and ( 7 ) .  I n  t h e  up-link case, equa t ions  ( 2 )  and (5), a 
7.3 dB i n c r e a s e  i n  E I R P  from t h e  ground s t a t i o n  i s  needed t o  
compensate t h e  6 dB d i f f e r e n c e  i n  a two-to-one change of  t h e  
an tenna  s i z e  a t  t h e  AAP t e r m i n a l .  The 1 .3  dB d i f f e r e n c e  i n  t h e  
l i n k  performance r e q u i r e d  i s  d i r e c t l y  r e l a t e d  t o  t h e  d i f f e r e n c e  
i n  t h e  r e p e a t e r  ga in  a t  t h e  two d i f f e r e n t  o p e r a t i n g  p o i n t s .  I n  
t h e  down-link case, equat ions  ( 4 )  and ( 7 1 ,  i n s t e a d  of t h e  same 
1 .3  d B  d i f f e r e n c e  i n  performance a s  one may expec t ,  on ly  a 0 . 6  
dB d i f f e r e n c e  r e s u l t e d .  The apparent  d i screpancy  e x i s t s  because 
t h e  change i n  r e p e a t e r  ga in  a l s o  changes t h e  amount of e f f e c t i v e  
n o i s e  temperature  a t  t h e  ground s t a t i o n  c o n t r i b u t e d  by t h e  
s a t e l l i t e  r e p e a t e r .  As shown i n  Table A-IV of Appendix A,  t h e  
n o i s e  temperature  c o n t r i b u t e d  by t h e  s a t e l l i t e  i s  49'K f o r  an 
11 f t .  d iameter  antenna on t h e  AAP s p a c e c r a f t  b u t  reduced t o  
3OoK for  a 5 .5  f t .  d iameter  antenna. On t h e  o t h e r  hand, t h e  
up-l ink i s  n o t  e f f e c t e d  by t h e  change i n  s a t e l l i t e  n o i s e  
tempera ture  a s  it c o n t r i b u t e s  on ly  a n e g l i g i b l e  amount, 1 ° K ,  t o  
t h e  AAP r e c e i v i n g  te rmina l .  

Typica l  parameters  f o r  t h e  AAP t e r m i n a l  are given i n  
Table  I V .  More s p e c i f i c a l l y ,  Table I V  i n d i c a t e s  the t r a n s m i t t e r  
power needed f o r  t h e  AAP t e rmina l  f o r  s e l e c t e d  vo ice  and 
t e l e m e t r y  t r ansmiss ions .  
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For t h o s e  who are in t e re s t ed  i n  e i t h e r  u s ing  a 
d i f f e r e n t  s i z e  antenna on the AAP t e r m i n a l  o r  d e s i r i n g  a 
h i g h e r  c a p a c i t y  down-link, F igu re  4 is  provided as an 
estimate. The C/NO requirement for  PSK d a t a  a t  BER 

i s  assumed t o  be 11.4dB-Hz and a 3dB l i n e  l o s s  is  assumed 
f o r  t h e  manned s p a c e c r a f t  t r a n s m i t t i n g  t e rmina l .  I f  more 
accuracy i s  d e s i r e d ,  a c a r e f u l  r ead ing  of Append.ix A i s  
recommended. %L 
20 3 4 -RKC-mbr R. K. Chen 

Attachments 
F igu res  1-4 
Tables  I - I V  
Appendix A 
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Table  1 

INTELSAT I V  -- SATELLITE CHARACTERISTICS 

L i f t o f f  s p a c e c r a f t  weight 2760 Ibs. 

U s e f u l  synchronous o r b i t  weight 1 4 5 0  1bs .  

S t a b i  li z a t i o n  mode 

A t t i t u d e  s t a b i  l j - za t ion  5 0 . 2 5  deg.  

S t a t i o n  keeping (E--W) 5 0 . 1  deg.  

O r b i t a l  i n c l i n a t i o n  0 . 1  deg.  

Power  sou rce  solar 

s p i n  

Ec l ipse  ope ra t ion  Yes 

P r i m e  solar  power 565 w a t t s  

_____- - 
~ 



Table I1 
INTELSAT I V  PERFORMANCE PARAMETERS 

Half power beamwidth 

Number of s p o t  beams 

B e a m  p o i n t i n g  accuracy 

P o l a r i z a t i o n  

Receive G/T a t  beam edge 

umber of t r ansponder s  :I Global  on ly  

Spot  o r  g l o b a l  

Total  

Transmit  

Receive 

Global  

s p o t  

4 

8 

1 2  

3.7 - 4.2  GHz 

5.925 - 6.425 GHz 

1 7  deg. 

4.5 deg. 

2 

+ - 0.35 deg. 

C i r c u l a r  

C i r c u l a r  

-17.6 dB/'K 

I s a b l e  bandwidth p e r  t ransponder  36 MHz 

W T  R F  power p e r  t ransponder  

. i. r .p .  p e r  t ransponder  (beam edge) Global  

6 .3  w a t t s  

22.5 dBW 

s p o t  33.7 dBW 

ransponder  g a i n  ( l e v e l s  r e q u i r e d  t o  d r i v e  o u t p u t  TWT t o  
s a t u r a t i o n )  (1). 

2 Global  beam, m u l t i p l e  carriers -66 .7  dBW/m 

Global  beam, s i n g l e  c a r r i e r  

Spot  beam, m u l t i p l e  carriers 

Spot beam, s i n g l e  carr ier  -64 .7  dBW/m 

-73.7 dBW/m 2 

-57.7 dBWjm 2 

2 

R e l i a b i l i t y  ( p r o b a b i l i t y  of s u r v i v a l  f o r  7 y e a r s  o p e r a t i o n  
i n  o r b i t ) .  

All of 1 2  channels  

11 of  1 2  channels  

1 0  of 1 2  channels  

0.33 

0 .68  

0.87 
~ ~~ 

(1) These are t y p i c a l  o p e r a t i n g  l e v e l s .  A l t e r n a t e  g a i n  s e t t i n g s  are 
a v a i l a b l e  and can be s e l e c t e d  by ground command. 
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APPENDIX A 

PERFORMANCE CALCULATION FOR INTELSAT-IV RELAY 

General  

A model of u s ing  I n t e l s a t  I V  s a t e l l i t e  f o r  communi- 
c a t i o n s  r e l a y  i s  shown i n  F igure  A-1, t h e  symbols used i n  
t h i s  appendix are i d e n t i f i e d  i n  Table A- I .  S ince  t h e  I n t e l s a t  
I V  r e p e a t e r  i s  a frequency t r a n s l a t i o n  a m p l i f i e r  and t h e  l i n k s  
between t h e  AAP s p a c e c r a f t  and t h e  ground are independent  of  
each o t h e r ,  t h e  model can b e  expressed  mathematical ly  as: 

GR E I R P  x L6 x L4 
C/NO = 

K ( TR + TIS x AIS x L4 x G R )  

GR E I R P  x L6 x L4 x GIs - - 

The p h y s i c a l  meaning of equat ion  (A-2) i s  clear:  t h e  carrier 
power ( C )  i s  t h e  power r a d i a t e d  by t h e  t r a n s m i t t i n g  s t a t i o n  
( E I R P )  modified by: (1) the losses through the  t r ansmiss ion  
p a t h e r  (L6, L 4 ) ,  ( 2 )  t he  ga in  of t h e  I n t e l s a t  I V  r e p e a t e r  ( G I s ) ,  

and ( 3 )  t h e  g a i n  of t h e  a n t e n n a  a t  t h e  r e c e i v i n g  s t a t i o n  ( G R ) .  

The n o i s e  power s p e c t r a l  d e n s i t y  ( N o )  i s  t h e  sum of  two 
c o n t r i b u t i n g  n o i s e  tempera tures ,  TR and TIS' .  

n o i s e  temperature  of t h e  r e c e i v i n g  s t a t i o n  and TIS' i s  t h e  
n o i s e  temperature  a t  t h e  r e c e i v i n g  s t a t i o n  c o n t r i b u t e d  by t h e  
n o i s e  (TIS) o r i g i n a t e d  a t  t h e  I n t e l s a t  r e p e a t e r .  

TR i s  t h e  system 

E f f e c t s  of Non-Linear Transfer  C h a r a c t e r i s t i c  of  I n t e l s a t  I V  
Repeater 

A s  mentioned be fo re ,  t h e  g a i n  of t h e  I n t e l s a t  I V  
r e p e a t e r  is a v a r i a b l e ;  i t  depends on: 

1. t h e  g a i n  s t e p  s e t t i n g  determined by t h e  ground 
c o n t r o l ,  and 

2. t h e  t o t a l  i n p u t  s i g n a l  power. 



BELLCOMM, I N C .  

APPENDIX A 

A- 2 

8 

The g a i n  has  been assumed to  be a t  t h e  maximum s e t t i n g  w i t h  a 
d e d i c a t e d  repeater, h u t  t h e  ga in  and i n p u t  power dependency 
needs ana lys ing .  

I n  f u n c t i o n a l  form: 

n 

1 
1 - - 

G~~ - a 'IS - ( zz ' input 

n 

1 
= F ( 2 E I F P )  (A-3 1 

where a i s  a c o n s t a n t  and i s  t h e  t o t a l  g a i n  between t h e  antenna 
i n p u t  and t h e  p r e - a m l i f i e r  of t h e  I n t e l s a t  I V  r e p e a t e r .  The 
summation i s  necessa ry  s i n c e  a minimum o f  t w o  carriers w i l l  be 
needed f o r  two-way communications. I f  t h e  vo ice  and d a t a  are 
t r a n s m i t t e d  on s e p a r a t e  c a r r i e r s ,  f o u r  ca r r i e r s  w i l l  be involved  
(n = 4 ) .  Combining equa t ions  (A -2 )  and ( A - 3 ) :  

n 
L6 L4 

K T R + fK TIS L4 

( E I F P ) k  x F (ZEIRP)  GR 
(C/NO)k = 1 

GR x F (gEIFU?) ]  1 (A-4)  

k = 1, 2 ,  3, - - - - - -  a 1 n. 

*From equat ion  ( A - 4 )  , i t  is seen t h a t ,  i n  o r d e r  t o  solve f o r  
(EIRP)k w i t h  (C/MO)k s p e c i f i e d ,  a set  of  n s imultaneous e q u a t i o n s  
needs t o  he  so lved ,  n be ing  t h e  number of carr iers  going through 
t h e  repeater. A f u r t h e r  complicat ion i s  t h e  f u n c t i o n a l  r e l a t i o n  
d e s c r i b i n g  t h e  t r a n s f e r  c h a r a c t e r i s t i c  expressed  by equat ion  (A-3 )  
and shown i n  F igure  A-2. By bounding t h e  r e p e a t e r  ope ra t ion  t o  
b e l o w  s a t u r a t i o n ,  t h e  t r a n s f e r  c h a r a c t e r i s t i c  can be f i t t e d  
a q x o x i m a t e l y  by a polynomial of t h e  mth o r d e r ,  t h e  va lue  of m 
depending on t h e  d e s i r e d  accuracy of t h e  f i t :  

(A-5 1 m 
+ bmPin 

+ --------- = bo + blPin + b2Pin 2 
Pout  

The g a i n  of  t h e  r e p e a t e r  i s  t h e  
c h a r a c t e r i s t i c :  

Pout  - 

'in 

-- GIs = a AIS - - 

s l o p e  of t h e  t r a n s f e r  

(A-6 1 bl + 2h2Pin i- ---+&,Pin m-1 
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When equa t ion  (A-6)  i s  s u b s t i t u t e d  i n t o  e q u a t i o n  ( A - 4 ) ,  t h e  
problem i s  s o l v i n g  a s e t  of n s imultaneous e q u a t i o n s  of t h e  

mth o rde r .  

S i m p l i f i e d  Approach 

Under cer ta in  c o n d i t i o n s ,  t h e  problem can be 
s i m p l i f i e d  by us ing  t h e  approximation t h a t  t h e  o p e r a t i n g  p o i n t  
of  t h e  r e p e a t e r ,  and t h e r e f o r e  i t s  g a i n ,  i s  d i c t a t e d  by t h e  
up-l ink requirement .  Us ing  t h i s  approximation,  t h e  g a i n  of 
t h e  r e p e a t e r  can be determined g r a p h i c a l l y  u s i n g  F igu re  A-2 by 
making t h e  up-l ink c a l c u l a t i o n  f i r s t ,  which e f f e c t i v e l y  
o b v i a t e s  t h e  need of s o l v i n g  h i g h e r  o r d e r  equa t ions  
s imul taneous ly .  

The E I R P  r e q u i r e d  from t h e  s a t e l l i t e  r e p e a t e r  f o r  a 
g iven  communication f u n c t i o n  depends on t h e  f i g u r e  of m e r i t  of  
t h e  r e c e i v i n g  t e r m i n a l ,  which i s  t h e  parameter  G/T. I t  i s  a 
measure of t h e  n e t  g a i n  of t h e  r e c e i v i n g  antenna and t h e  
e f f e c t i v e  r e c e i v i n g  system no i se  temperature .  A s t a n d a r d  
I n t e l s a t  ground s t a t i o n  i s  s p e c i f i e d  t o  have a minimum (G/TlS  

of 40 .7  dB/OK. P h y s i c a l l y ,  t h e  s t a n d a r d  t e r m i n a l  could  have an 
85 f t .  d iameter  antenna wi th  a maser receiver, a 9 7  f t .  d iameter  
an tenna  wi th  a cooled  pa rame t r i c  a m p l i f i e r ,  o r  o t h e r  
combinations.  I t  i s  apparent  t h a t  any p r a c t i c a b l e  r e c e i v i n g  
t e r m i n a l  f o r  t h e  AAP s p a c e c r a f t  w i l l  n o t  approach t h e  performance 
of t h e  s t anda rd  I n t e l s a t  ground s t a t i o n :  

(G/T) AAp 4.c (G/T)S = 4 0 . 7  dB/OK (A-7 1 

or  the E I R P  r e q u i r e d  f r o m  t he  I n t e l s a t  I V  r e p e a t e r  f o r  t h e  up- 
l i n k  is  much greater than  t h a t  needed f o r  t h e  down-link f o r  

. t h e  same communications func t ion :  

and t h e  r a t i o  of t h e  E I R P  r equ i r ed  i s  r e l a t e d  t o  t h e  G / T ' s  as: 

(G/T) AAp Iv-down-link 
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For g e n e r a l  cases where t h e  communication f u n c t i o n s  o f  t h e  up 
and down l i n k s  are d i f f e r e n t ,  t h e  r e l a t i v e  E I R P  from t h e  
r e p e a t e r  f o r  t h e  up and down l i n k s  is: 

IV-down-link down-link 

I f  w e  assume t h a t  t h e  up-link requi rements  determine t h e  
s a t e l l i t e  g a i n  when t h e  E I F P  needed f o r  t h e  up-l ink i s  t e n  t i m e s  
g r e a t e r  o r  m o r e  than  t h a t  needed f o r  t h e  down-link, t h e  
fo l lowing  cond i t ion  must be s a t i s f i e d :  

(A-10) 

The c o n d i t i o n  of ( A - 1 0 )  i s  e a s i l y  s a t i s f i e d  f o r  t h e  AAP 
a p p l i c a t i o n .  I f  w e  assume t h a t  t h e  AAP s p a c e c r a f t  can be out -  
f i t t e d  wi th  an antenna wi th  a maximum diameter  of  2 0  f t . ,  which 
has  a g a i n  ( G )  of 59 dB, and a r e c e i v i n g  system u s i n g  a t u n n e l  
d iode  a m p l i f i e r  w i th  an e f f e c t i v e  system n o i s e  tempera ture  ( T )  
of 1 1 6 0 ° K ,  then  (G/T)AAp i s  1 8 . 4  db/OK. 
G / T ' s  i s :  

The r a t i o  of t h e  

( G / T )  

(G/T) AAp 
= 2 2 . 3  dB o r  a f a c t o r  of 1 7 0 .  

Therefore ,  t h e  down-link performance requirement  must be 1 7  or  
more t i m e s  g r e a t e r  than  t h e  up-l ink performance requirement  
b e f o r e  t h e  cond i t ion  of (A-10)  i s  v i o l a t e d .  From Table 111, 
t h e  combined performance requirement  f o r  t h e  up- l ink  i s  5 4 . 1  
dB-Hz; t h i s  means t h a t  t h e  down-link performance requirement  
can  be  as h igh  as 6 6 . 4  dB-Hz, which is e q u i v a l e n t  t o  a vo ice  
l i n k  p l u s  a 200  kbps te lemet ry  l i n k .  Such a h igh  t e l e m e t r y  
d a t a  ra te  i s  n o t  planned f o r  t h e  AAP a p p l i c a t i o n  a t  t h i s  t i m e .  

TIS' - N o i s e  Cont r ibu ted  by the  S a t e l l i t e  Repeater  
- 

It i s  i n s t r u c t i v e  t o  examine t h e  e f f e c t  of n o i s e  
c o n t r i b u t e d  by t h e  s a t e l l i t e  r e p e a t e r ,  TIS ' .  

( A - 1 )  and ( A - 2 ) :  

From equa t ions  

TIS I TIS x AIS x L4 x GR (A-11) 
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Assuming t h e  maximum g a i n  of t h e  s a t e l l i t e  r e p e a t e r ,  AIS = 126 dB, 

and u s i n g  the v a l u e s  o f  o t h e r  parameters  provided i n  Table  A - I ,  

I = 16.9 dB-OK = 50°K a t  t h e  s t a n d a r d  I n t e l s a t  TIS 

ground s t a t i o n ,  and: 

I = 0 dB-OK a t  t h e  AAP t e r m i n a l  TIS 
antenna. 

It i s  seen t h a t  TIS1 c o n t r i b u t e s  

wi th  11 f t .  d i ame te r  

s i g n i f i c a n t l y  t o  t h e  
e f f e c t i v e  tempera ture  a t  t h e  I n t e l s a t  ground s t a t i o n ,  which has  
a system n o i s e  tempera ture  of  5 0 ° K .  

could  be neg lec t ed  a t  t h e  AAP t e r m i n a l ,  which could have a 
system n o i s e  temperature  of 1 1 6 0 O K .  

I t  i s  a l s o  seen t h a t  TIS' 

Link Equat ions 

Using t h e  s i m p l i f i e d  approach,  t h e  o p e r a t i n g  p o i n t  of 
t h e  s a t e l l i t e  r e p e a t e r  i s  found by making h a l f  of t h e  up-l ink 
c a l c u l a t i o n ,  t h e  p o r t i o n  between t h e  I n t e l s a t  I V  and t h e  AAP 
s p a c e c r a f t :  

S u b s t i t u t i n g  va lues  fo r  t h e  parameters :  

(EIRP)IS = 1 3 . 0  dBW 

( E I R P ) I S  = 1 9 . 0  dBW 

for 11 f t .  d iameter  antenna on AAP, and 

fo r  5.5 f t .  d iameter  antenna on AAP. 

Using Figure  A-2 ,  t h e  ga in  o f  t h e  r e p e a t e r  a t  t h e s e  o p e r a t i n g  
p o i n t s  are: 

GIs = 139 dB f o r  11 f t .  diameter aiiteiina on m P ,  and 

= 137.7 dB fo r  5 .5  f t .  d iameter  antenna on AAP. IS 
With t h e  g a i n  va lue  of t h e  s a t e l l i t e  r e p e a t e r  found, equa t ion  
(A-2)  can be  used t o  d e r i v e  t h e  l i n k  equa t ions .  F igures  A-3 and 

A-4 show t h e  r e s u l t s  f o r  t h e  up and down l i n k .  

Attachments 
F igu res  A - 1  - 4 
Table A - I  
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TABLE A-I  

LIST OF ASSUMED PARAMETERS 

r 
- Space Loss a t  6GH2, -200.4dB 

-4 - Space Loss a t  4 G H z ,  -196.9dB 

LFS-6 

LFS 
Lp-6 

Lp- 4 

LA 

GR 

T 

LT 

- Antenna P o i n t i n g  L o s s  a t  6GHz 
For  Earth S t a t i o n ,  - 0 . l d B  

For Manned Spacec ra f t ,  -0.7dB ( 1 / 4  beamwidth) 
For  I n t e l s a t - I V ,  -1dB f o r  the  l i n k  t o  and from Manned 

S p a c e c r a f t  

- Antenna P o i n t i n g  L o s s  a t  4GHz 

For  E a r t h  S t a t i o n ,  -0.ldB 
For  Manned Spacec ra f t ,  -0.3dB 

- Atmospheric L o s s ,  -0.4dB a t  4 G H z  

-0.8dB a t  6GHz 

- Receive Antenna Gain 
For  Ea r th  S t a t i o n ,  57.7dB (85 f t .  D i a . )  

For Manned Spacec ra f t ,  40.3dB (11 f t .  D i a . )  

34.3dB (5.5 f t .  D i a . )  

- Receiving System N o i s e  Temperature 
For E a r t h  S t a t i o n ,  50" K 

For Manned Spacec ra f t ,  1160" K 

- Transmi t t ing  Line Loss 
For  Manned S p a c e c r a f t ,  -3dB 

- I n t e l s a t  I V  Transponder Gain (Antenna t o  Antenna) 
Var i ab le ,  Assumed: 139.0dB f o r  11 f t .  s/c Antenna 

137.7dB f o r  5.5 f t .  s/c Antenna 
Using Global  - Global Dedicated Transponder f o r  AAP 

Operat ions 



- I n t e l s a t  I V  Receive Antenna Gain G ~ ~ - ~  
14dB a t  +8.5O - o f f  Antenna Axis 

TIS 

AIS 

GT 

EIRJ? 

L6 

L4 

K 

- I n t e l s a t  I V  Line Loss, -2dB 

- I n t e l s a t  I V  Receiving System N o i s e  Temperature, 1160O K 

- I n t e l s a t  I V  Amplif ier  Gain 
- 
- G~~ - G ~ ~ - ~  - 

- Transmi t t ing  Antenna Gain, 
For Manned Spacec ra f t ,  43.8dB f o r  11 f t .  s/c Antenna 

37.8dB fo r  5.5 f t .  s/c Antenna 

- Equiva len t  I s o t r o p i c  Radiated Power of t h e  t r a n s m i t t i n g  
s t a t i o n .  

t r a n s m i t t e r  power, and l i n e  l o s s e s  ( L T ) .  

This  parameter i nc ludes  antenna g a i n  ( G T ) ,  

= A l l  l o s s e s  a s s o c i a t e d  w i t h  t h e  6GHz t r ansmiss ion  p a t h  
from t r a n s m i t t i n g  s t a t i o n  t o  I n t e l s a t  I V .  This  parameter 
i n c l u d e s  f r e e  space l o s s ,  a tmospheric  a t t e n u a t i o n ,  and 
antenna p o i n t i n g  loss. 

= Same as L6 excep t  i t  is a s s o c i a t e d  w i t h  t h e  4GHZ 

t r ansmiss ion  p a t h  from I n t e l s a t  I V  t o  r e c e i v i n g  s t a t i o n .  

= Boltzmann's Constant 

Manned S p a c e c r a f t  O r b i t  - 2 6 0  n.m. C i r c u l a r  
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ABSTRACT 

I n t e l s a t  I V  sa te l l i tes  have been proposed a s  a d a t a  
r e l a y  s a t e l l i t e  system f o r  t h e  AAP miss ions .  
a v a i l a b l e  informat ion  from Comsat Corp. on t h e  I n t e l s a t  I V  
c h a r a c t e r i s t i c s ,  a set  of  t y p i c a l  AAP t e r m i n a l  parameter  
v a l u e s  i s  c a l c u l a t e d .  The t e rmina l  s i z e d  would have a t u n n e l  
d iode  a m p l i f i e r  mounted n e a r  t h e  antenna f e e d ,  and t h e  an tenna  
is assumed t o  be e i t h e r  5.5 f t .  or 11 f t .  i n  diameter .  The 
up-l ink r e c e i v e s  vo ice  and 1 . 0  kbps of up-data,  and t h e  down- 
l i n k  t r a n s m i t s  vo ice  and up t o  72 kbps of t e l eme t ry .  The 
t r a n s m i t t e r  power needed to  t r a n s m i t  voice and 72 kbps of d a t a  
when us ing  an 11 f o o t  diameter  antenna i s  25.5 w a t t s .  A 5.5 
ft. antenna t e r m i n a l  would be capable  of t r a n s m i t t i n g  vo ice  
a lone  wi th  1 6 . 2  w a t t s  of t r a n s m i t t e r  power; 1 0 0  w a t t s  of 
a d d i t i o n a l  power would be needed t o  send 72 kbps of d a t a .  

Using t h e  l a tes t  


